Although solvent extraction is a classic and venerable concentration and separation method, the use of organic solvents has recently become a subject of discussion concerning its effect on the environment. On the other hand, hydrophilic solvents are generally non-halogenated and non-aromatic, and are therefore thought to be more environmentally friendly than hydrophobic solvents, such as benzene and/or chloroform (CHCl3). Several studies to utilize them as an extracting phase have been carried out for a long time. 1 Most of these studies utilized salting out to separate phases. Although such phaseseparation techniques are interesting from a physicochemical respect, controlling the phase separation is not always simple. If a hydrophilic solvent could be retained to solid support, an extracting phase could be made up simply and conveniently. Then, nine hydrophilic solvents, such as methanol, ethanol, tertbutanol, acetone, acetonitrile, dimethylformamide (DMF), dimethylsulfoxide (DMSO), 1,4-dioxane, and tetrahydrofuran (THF), were arbitrarily selected, and their occlusion to and desorption from three kinds of commercially available oil adsorbents were examined.
Other than harmlessness to the environment, the inherent advantage of this method is the possibility that species that are difficult to extract into the usual hydrophobic solvents could be extracted. 8-Quinolinolato complexes of Mg 2+ and Ca 2+ could not be extracted into CHCl3 due to the concomitance of hydrated water; therefore, butyl cellosolve-or butylaminecontaining chloroform was used as a solvent instead of CHCl3 in conventional solvent extraction. 2, 3 Therefore, in this study, 8-quinolinolato complexes of alkaline earth metal were selected as extracting species to evaluate the capability of this technique.
Experimental

Reagents and apparatus
A Hitachi Model Z5000 atomic-absorption spectrophotometer was used to measure the concentrations of Mg 2+ , Ca 2+ , and Sr 2+ with a flame atomizer, and also used for the determination of Ba 2+ with a graphite furnace atomizer. A Hitachi Model 163 gas chromatograph was used to measure the concentration of an organic solvent in an aqueous solution with a TCD detector and 1.0 m length of a stainless-steel column packed with Porapak Q. The pH of the aqueous phase was measured by a Horiba F-23 pH meter. Three kinds of oil adsorbents (α-gel (powdery, styrene-butadiene block copolymer), Filton Eko B-8 (powdery, the principal constituent is SiO2 and Al2O3), and WOSEP (1 cm 3 cube, fibrous, polypropylene)), were generously donated by O. S. Ihara Co., Ltd., Muratamokuzai Co., Ltd., and Toray Fine Chemicals Co., Ltd., respectively. 8-Quinolinolato complexes of alkaline earth metals were synthesized according to the gravimetric method. 4 
Measurements of occlusion and desorption
A 10-ml volume of a solvent and 1.0 g of an oil adsorbent were equilibrated in a 30-ml extraction vial by gently shaking for 24 h. Although THF and 1,4-dioxane were found to attain adsorption equilibrium with WOSEP by 1 h of shaking, just to make sure, the shaking time was fixed at 24 h for all measurements. After shaking, the solvent was separated from the oil adsorbent by filtration, and the volume of the filtrate was measured by a 10 ml graduated cylinder. The occlusion ratio (Oc, %) was obtained by dividing the difference in the volume of added solvent and that of the filtrate by the volume of added solvent.
Next, an oil adsorbent occluding solvent was transferred to another 30-ml extraction vial, followed by shaking with 10 ml of water for 2 h. Then, 8 ml of a supernatant solution was transferred to a 10 ml graduated flask after centrifuging, and an appropriate internal standard was In order to use a hydrophilic solvent as an organic phase in liquid-liquid extraction by retaining it to a solid support, the occlusion and desorption of nine hydrophilic solvents, such as methanol, to three kinds of commercially available oiladsorbent were examined. The combination of tetrahydrofuran and WOSEP made by fibrous polypropylene was finally selected, and was subjected to the extraction of alkaline earth metals with 8-quinolinol. It was proved that Mg 2+ , Ca 2+ , and Sr 2+ ions could be successfully extracted into the tetrahydrofuran phase in the form of 8-quinolinolato complexes, which could not be extracted into CHCl3. added to it; the mixture was exactly diluted to the mark. The content of the solvent back-extracted into water was determined by a GC measurement. The desorption ratio (Ds, %) was obtained by the following equation: Ds = × 100.
Extraction procedure
A 1-g volume of WOSEP was shaken with 10 ml of a 0.01 M 8-quinolinol-containing THF solution for 2 h, and transferred into 25 ml of a 2 mM alkaline earth metal ion solution in a 30-ml extraction vial, of which the pH was adjusted appropriately. After the mixture was equilibrated by vigorously shaking for 1 h, WOSEP was gently picked out using tweezers. The aqueous phase was subjected to a pH measurement, and was then acidified by adding several drops of conc. HCl in order to decompose the 8-quinolinolato complex remaining in the aqueous phase without being extracted into the organic phase in WOSEP. The metal-ion concentration was determined by AAS, and the percent extraction was obtained by subtracting the determined metal-ion concentration in the aqueous phase from the known total concentration in the aqueous phase.
Results and Discussion
Occlusion and desorption of solvents
In order to use the occluded hydrophilic solvent on a support as an organic phase, the solvent is desired to be retained to the support strongly. Thus, the optimum combinations between nine hydrophilic solvents and three different oil-adsorbents were searched. As can be seen in Figs. 1a -1c , WOSEP adsorbed all of the solvents fairly well compared to the other adsorbents. Figure 1 -c shows that an inorganic adsorbent, Filton Eko B-8, gave worse occlusion for almost all of the solvents compared to the other adsorbent, so that a further examination of the desorption was not carried out. Although a powdery styrene-butadiene block copolymer adsorbent, α-gel, showed excellent occlusion and desorption behavior against acetone ( Fig. 1-b) , it was not used in this study, since α-gel was light and floated on the surface of the solvent, and consequently separation of the solvent and α-gel was troublesome. Incidentally, α-gel adsorbed THF and 1,4-dioxane 100%, respectively, but powdery α-gel turned out to be gelatinous by adsorbing these solvents and was stuck on the wall of the vial; it was thus difficult to measure the desorption. Figure 1 -a shows that methanol, acetone, 1,4-dioxane, THF, DMF, and DMSO were found to be strongly retained to WOSEP. Taking into account the fact that the Oc values for ordinary hydrophobic solvents, such as benzene, chloroform, and hexane, was 70%, 64%, and 69%, respectively, the above-mentioned 6 solvents were considered to be occluded almost to the maximum of adsorption to WOSEP. For example, 1 g of WOSEP occluded 7.4 ml of THF and retained 5.2 ml of THF after shaking with 10 ml of water. Since the above Oc and Ds values did not vary significantly by changing the solvent matrix from pure THF to 10 v/v% hydrophobic solvent containing a THF solution, the Oc and Ds values seemed not to be affected very much by dissolving a small amount of 8-quinolinol or 8-quinolinolato complexes.
The amount of solvent in the supernatant solution (ml) -------------------------- The amount of solvent in the oil adsorbent (ml) , and Ba 2+ were synthesized separately according to the usual gravimetric method, and about 10 mg of wet complexes were subjected to a solubility test by mixing with 8 ml of hydrophilic solvents as well as CHCl3. THF, DMF, and DMSO dissolved all complexes, while other solvents, including CHCl3, could not dissolve the complexes entirely. A clear relationship between the solubility and the physicochemical properties of the solvents, such as the dipole moment, dielectric constant, acceptor number, and so on, 5 could not be found. Among these 3 solvents, THF was selected, and was mainly used in this study because its Oc value was the highest. Figure 2 shows the relation between the percent extraction and the pH. Kaneko et al. 6 as well as Jankowski and Freiser 7 reported that Mg 2+ was extracted into CHCl3 above pH 10.8 in the form of MgQ3Bu4N + , where Q is 8-quinolinol and Bu4N + is tetrabutylammonium ion, with 8-quinolinol in the presence of tetrabutylammonium ion, while Mg 2+ could be extracted in a fairly low pH range, pH 8.85 -11.0, in the present system. The discrepancy in the extractability between the two methods can be understood as follows. In the gravimetric method, Mg 2+ is quantitatively precipitated in the pH range of 9.5 -12.0 in the form of MgQ2·4H2O with 8-quinolinol, 8 therefore, the complexation of Mg 2+ with 8-quinolinol fulfills at a pH of around 9.5, and adduct formation with the tetrabutylammonium ion needs an increment of the pH to 10.8. Taking into account the fact that THF can dissolve MgQ2·4H2O, the formed MgQ2·4H2O was extracted into the THF phase as it was, so that the pH range for 100% extraction almost coincided with that for quantitative precipitation. On the other hand, it is well known that 8-quinolinol often forms adduct complexes in the form of MQn·mHQ with some metals if a concentrated 8-quinolinol solution is used; therefore, the possibility that the same thing held in this system was suspected. Kaneko, Luke, and Jankowski et al. all set the HQ/Mg 2+ molar ratio to 100, and still asked for the help of butyl cellosolve or Bu4N + to extract Mg 2+ in CHCl3, while the authors set the HQ/Mg 2+ molar ratio to 20. Hence, although the possibility of forming MgQ2·mHQ in the present extraction system was not contradicted experimentally, it is justifiable to expect that Mg 2+ was extracted in the form of a hydrated complex in this system. Although alkaline earth metals other than Mg 2+ , Ca 2+ and Sr 2+ could be extracted in pH range of 11.2 -13.9 and 10.6 -13.9 with an extractability of more than 90%, respectively, Ba 2+ only showed unsatisfactory extraction. It was reported that Ca 2+ and Sr 2+ could be extracted quantitatively at pH 11 and 11.3 with 8-quinolinol in the presence of tetrabutylammonium ion, respectively, but Ba 2+ was extracted incompletely. 9 Judging from a resemblance in the extraction behaviors of Mg 2+ , Ca 2+ and Sr 2+ , Ca 2+ and Sr 2+ were considered to be extracted into THF phase in the form of hydrated complex similarly to Mg 2+ . The formation constants of 8-quinolinolato complexes for Mg 2+ , Ca 2+ , Sr 2+ , and Ba 2+ were also cited in the same reference to be 5.43 (log KML2), 5.9 (log KML2), 3.19 (log KML3), 2.07 (log KML), respectively. Consequently, the reason for the incomplete extraction of Ba 2+ may be ascribed to imperfect complex formation. Incidentally, 8-quinolinol containing CHCl3 was occluded to WOSEP and was also used for the extraction of Mg 2+ , but Mg 2+ was not extracted at all.
Solubility of 8-quinolinolato complexes
Extraction of 8-quinolinolato complexes
Finally, the validity of the present method was proved from the results that THF occluding WOSEP could successfully extract alkaline earth metals in the form of a hydrated 8-quinolinolato complex.
